Recently we reported that the supplementation of vitamin B6 to low vitamin B6 diet caused suppression in colon tumorigenesis and cell proliferation of azoxymethane treated mice in a dose-dependent manner among 1, 7, and 14mg pyridoxine HCl/kg diet (J Nutr 131: 2204(J Nutr 131: -2207(J Nutr 131: , 2001). To examine the mechanism of the anticolon tumor effect of vitamin B6, male ICR mice were fed the diet containing 1, 7, 14, and 35mg pyridoxine HCl/kg diet for 22wk and simultaneously given a weekly injection of azoxymethane for an initial 10wk. The supplementation of vitamin B6 to a low vitamin B6 diet (1mg pyridoxine HCl/kg) suppressed the levels of colonic 8-hydroxyguanosine and 4-hydroxynonenal and in ducible nitric oxide synthase protein. The results suggest that the preventive effect of vita min B6 against colon tumorigenesis is at least in part mediated by reducing oxidative stress and nitric oxide production.
A population-based case-control study in the United States has indicated an inverse association between the intake of vitamin B6 and colon cancer (1) . We have re cently examined the effect of the dietary level of vitamin B6 (pyridoxine HCl, 1, 7, 14, and 35mg/kg) on colon tumorigenesis in mice that have received azoxymethane (2) . The supplementation of vitamin B6 (pyridoxine HCl) to the 1mg pyridoxine HCl/kg diet caused a marked suppression in colon tumorigenesis in a dose dependent manner among 1-14mg/kg pyridoxine HCl (2) . This antitumor effect of vitamin B6 was associated with a reduction in the incorporation of 5-bromo-2'-de -oxyuridine (BrdU) into the colonic cells (BrdU-labeling index) and the colonic expression of c-myc and c-fos proteins (oncogene products relating to cell prolifera tion), implying the involvement of reduced colonic cell proliferation in the mechanism of the effect of vitamin B6 (2) . It has been reported that c-myc and c fos expres sion can be induced by oxidative stress (3, 4) . Since vita min B6 has been found to have a strong antioxidative ef fect (5), we postulated that the suppression effect of vi tamin B6 on the cell proliferation might be mediated * To whom correspondence should be addressed . through reduced oxidative stress.
Nitric oxide (NO), one of the oxygen free radicals, has been considered to play an important role in colon car cinogenesis (6, 7) . Moreover, the expression and activity of inducible NO synthase (iNOS) is higher in human adenomas (8) . The production of NO and the expression of iNOS mRNA is elevated by oxidative stress, which is induced by superoxide (9) . Therefore in this study we examined the effect of dietary vitamin B6 on colonic tu morigenesis, oxidative stress, and iNOS expression in azoxymethane (AOM)-treated mice. Results Body weight and food intake The food intake and final body weight did not differ between the experimental and control groups. Oxidative stress markers
The labeling index of 8-OHdG in the colonic crypt was significantly reduced by higher dietary vitamin B6 (ANOVA analysis, p<0.05, Table 1 ). Seven, 14, and 35mg pyridoxine HCl/kg diets significantly reduced this parameter as compared to the 1mg pyridoxine HCl/kg diet group in all areas of the colon. The labeling index of 4-HNE in the colonic crypt was also signifi cantly reduced by the higher dietary vitamin B6 (ANOVA analysis, p<0.05, Table 1 ). A similar reduc tion was observed in the 7, 14, and 35mg pyridoxine HCl/kg diet groups as compared to the 1mg pyridoxine HC1/kg diet group in the distal colon and proximal colon (p<0.05). In the rectum, the 35mg pyridoxine HCl/kg diet group significantly reduced this parameter compared to the 7mg pyridoxine HCllkg diet group (p<0.05). The labeling index of 8-OHdG was correlated with the expression of c-myc (r=0.57, p<0.01) and c -fos protein (r=0.83, p<0.01) in all the colon epithe lium, as previously reported (2) . The labeling index of 4-HNE was also correlated with the expression of c-myc (r=0.72, p<0.01) and c-fos protein (r=0.76, p<0.01), as previously reported (2) . The concentration of serum TBARS was significantly higher in the 1mg pyridoxine HCl/kg diet group than in the other groups. However, it did not differ significantly among 7, 14, and 35mg pyridoxine HCl/kg diet groups (p<0.05).
Expression of iNOS protein
The labeling index of iNOS protein in the colonic crypt was significantly reduced by the supplementation of vitamin B6 (ANOVA analysis, p<0.05, Table 2 ). Fourteen and 35mg pyridoxine HCl/kg diets signifi cantly reduced this parameter as compared to the 1 mg pyridoxine HCl/kg diet in the rectum and distal colon. However, in the proximal colon only the 35mg pyridox ine HCl/kg diet group significantly lowered the expres sion of iNOS protein as compared to the 1mg pyridox ine HCl/kg diet group. All the colon-labeling index were significantly lower in the 7, 14, and 35mg pyridoxine HCl/kg diet groups than in the 1mg pyridoxine HCl/kg diet group. The labeling index of iNOS in all the colon epithelium was correlated with that of 8-OHdG (r=0.70, p<0.01) and 4-HNE (r=0.54, p<0.01). The oxidative stress has been reported to cause an in crease in the expression of c-myc and c-fos (3, 4), imply ing a proliferative response to oxidative stress. Thus it is likely that vitamin B6 suppresses tumorigenesis through a reduction in oxidative stress and hypercell prolifera tion in the colorectal mucosa treated with AOM.
The present study has further demonstrated that the supplemental vitamin B6 suppressed the expression of iNOS protein in colon mucosa. NO has been considered to play a role in the colon carcinogenesis by elevating cyclooxygenase-2 and angiogenesis (6, 7). The higher expression and activity of iNOS have been found in human colon adenomas (9) . Some studies have also demonstrated that AOM-induced colon tumors have in creased an expression and/or activity of iNOS when compared to levels in adjacent colonic tissue (16) . It has been reported that the expression of iNOS protein and mRNA and NO synthesis are increased by oxidative stress induced by superoxide (8) . Our data also indi cated an association between the levels of oxidative stress markers and iNOS expression in the colon. Taken together, the lower expression of iNOS protein by the supplementation of vitamin B6 may also be partially in volved in the mechanism of its preventive effect against the tumorigenesis. Although the present study indi cated the reductions in the markers of oxidative stress and iNOS protein expression in the colon by a dietary supplementation of vitamin B6, these alterations ap peared to be not enough to give a satisfactory explana tion of the suppression in the tumorigenesis previously reported (2) . Therefore the possibilities of other mecha nisms seem to remain.
